OBJECTIVE: Skin imaging plays a key role in many clinical studies. We have used 5 many skin imaging techniques, including the recently developed capacitive contact 6 skin imaging based on fingerprint sensors. The aim of this study is to develop an 7 effective skin image retrieval technique using Gabor wavelet transform, which can 8 be used on different types of skin images, but with a special focus on skin 9 capacitive contact images. 10 11 METHODS: Content-based image retrieval (CBIR) is a useful technology to retrieve 12 stored images from database by supplying query images. In a typical CBIR, images 13 are retrieved based on colour, shape, and texture, etc. In this paper, texture feature 14 is used for retrieving skin images, and Gabor wavelet transform is used for texture 15 feature description and extraction. 16
Introduction 39
Skin imaging plays a key role in many research areas, such as dermatology, clinical 40 analysis, pharmacology and cosmetic science. In our previous research, we have 41 used many different imaging technologies, including standard digital camera, 42
DermLite Dermoscopy, Proscope HR and the recently developed capacitive contact 43 skin imaging based on fingerprint sensors [1] [2] [3] [4] . As the number of skin images 44 soared, image retrieval became more and more important in our research. The aim 45 of this study is to develop an effective content-based image retrieving technique 46 that can work on different types of skin images, but with a particular focus on 47 grayscale capacitive contact skin images, where images are quite similar to each 48 other, and conventional image retrieving techniques normally do not work well. 49 50 Content-based image retrieval (CBIR), which is one of the popular fundamental 51 research in retrieving accurate useful information, is the set of techniques for 52 retrieving relevant images from an image database on the basis of image features 53 automatically extracted from an image database [5] . In the retrieval phase of a 54 CBIR system, the feature vector for each image in the database is calculated and 55 stored in feature database. After selecting a query image by the user, the matching 56 process that calculates the corresponding feature vector and compares it with all 57 Submission to International Journal of Cosmetic Science 24/11/2015 4 the feature vectors related to the images in the database is performed. Images 58 having the minimum distance with the query image will be retrieved in a similarity 59 descending order [6, 7] . In a typical CBIR, images are retrieved based on their visual 60 content such as colour, shape, and texture, etc. [8] . In this paper, texture feature is 61 used for retrieving images. 62
63
In image processing, texture which generally refers to the structures consisted of 64 large number of texture elements or models similar to each other, it is a key 65 component for human visual perception and plays an important role in 66 image-related applications. Meanwhile, texture features have been researched in 67 the content-based image retrieval, image classification and segmentation. 68
Gray-level co-occurrence matrix (GLCM) [9] , Tamura texture feature [10] , and 69
Gabor wavelet texture feature [11, 12] are the conventional methods used to 70 describe texture feature. Compared with other techniques, Gabor wavelet texture 71 feature is much computationally simpler, and image analysis using Gabor wavelet 72 transform is similar to perception in the human visual system [13] . Gabor wavelet 73 transform has been used in optical character recognition, iris recognition and 74 fingerprint recognition. This paper describes a skin image retrieval technique based 75 on Gabor wavelet texture feature. 
Materials and Methods 78

Instruments 79
The main focus of this paper is capacitive contact skin images, but other images are 80 also used to test the performance of the algorithm. All the images used in this study 81 were taken by using standard digital camera and capacitance-based fingerprint 82 sensor, except the skin cancer and skin disease images, which were from Skin 83 This makes it a potentially a very useful tool for studying solvent penetrations 100 through membranes or skin, and trans-dermal drug delivery. 101 102
Gabor Wavelet Transform 103
Gabor wavelet can extract the relevant textural feature at different scales and 104 directions in the frequency domain and also has a good joint resolution in both 105 spatial and frequency domain [14] . Gabor wavelet is widely used to extract texture 106 features from the images for image retrieval and has been shown to be very 107 efficient [15] [16] [17] [18] [19] . we have 127 
Experimental Procedures 150
A image database that includes 56 images in JPEG format was setup. 
The effects of scales (S) and directions (K) 201
The values of scales (S) and directions (K) in Gabor wavelet transform not only 202 affect the accuracy of retrieval, they will also affect the computational time of 203 program. 
The performance of Gabor Wavelet Transform against other algorithms 234
In order to understand the performance of Gabor wavelet transform, we did an 235 image retrieval comparison study, compare Gabor wavelet transform against other 236 two algorithms: Principal Component Analysis (PCA) and Grey level co-occurrence 237 matrix (GLCM). 238 239 The results also suggest that using the Gabor wavelets to extract texture features 268 could be useful for recognizing human face with different orientations and different 269 facial expressions, as well as for skin cancers and diseases diagnostics etc. In 270
Gabor wavelet transform, the values of scales, directions, lower and higher centre 271 frequency, might need to be adjusted differently according to different types ofimages, in order to achieve a better retrieval results. For future work, we will 273 investigate to use another visual content such as colour and shape to retrieve 
